Abstract. The high mobility group box 1 (HMGB1) protein is an abundant non-histone component of chromatin well known for its two DNA binding domains, HMG box A and HMG box B. The main characteristics of the HMGB1 protein as an 'architectural' factor are its ability to recognize and bind with high affinity to distorted DNA and its ability to induce kinks in linear DNA fragments. The HMGB1 protein has been correlated to cancer progression. An elevated expression of HMGB1 occurred in certain types of primary tumor, including melanoma and colon, prostate, pancreatic and breast cancers, and in the majority of cases HMGB1 is associated with invasion and metastasis. The main signaling pathway is activated through the interaction of HMGB1 with its Receptor for Advanced Glycation End products (RAGE). Certain data indicate that an elevated expression of RAGE and HMGB1 is not always a prerequisite of poor prognosis of tumor development. The cellular localization of the ligand/ receptor pair also requires consideration. The data concerning the expression of HMGB1 protein and its receptor RAGE in various tissues and tumor cells reflect the overall production of the proteins. However, they do not refer to their cellular localization and there is no direct evidence for the formation of a stable complex between them. In the present study, we investigated the subcellular distribution of HMGB1 and its receptor RAGE in various rat organs compared to Guerin ascites tumor cells. In the normal tissues the proteins exist in their soluble form, whereas in the tumor cells they are insoluble and membranebound. HMGB1 forms a stable complex with RAGE only in the protein extract derived from the cancer cells predominantly in the membrane fraction.
Introduction
The high mobility group box 1 (HMGB1) protein is an abundant non-histone component of chromatin. It is well known for its two DNA binding domains, HMG box A and HMG box B. The HMG box motive was also detected in a number of regulatory factors including UBF, Lef-1, SRY and SSRP (1) . The main characteristics of HMGB1 protein are i) its capability to recognize and bind with high affinity to distorted DNA, such as cruciform DNA, UV and cisplatin-damaged DNA (2) (3) (4) and ii) its ability to induce kinks in linear DNA fragments (5, 6) . These characteristics identify the protein as an 'architectural' factor, facilitating the assembly of certain nucleoprotein complexes, and render it a key participant in fundamental nuclear events including repair (7), replication (8) and remodeling (9) (10) . In previous years, the extracellular functions of HMGB1 protein have gained scientific interest. It was revealed that monocytes/ macrophages actively secreted HMGB1 in response to various stimuli (11) and that, once secreted, HMGB1 was capable of activating other cells involved in immune response or inflammatory reactions, thus acting as a cytokine itself (12, 13) . The protein can also be passively released by damaged or necrotic cells, leading to inflammation (14) . A number of post-translational modifications including acetylation (15) , phosphorylation (16) , methylation (17) and poly(ADP)-ribosylation (18) have been suggested to direct HMGB1 to the secretory pathway.
The HMGB1 protein has been associated with cancer progression. An elevated expression of HMGB1 was observed in certain primary tumors including melanoma and colon, prostate, pancreatic, and breast cancers (19) . In the majority of cases, HMGB1 was associated with invasion and metastasis. The protein was proposed to be directly involved in tumor cell metastasis through its ability to promote cell migration, modulate the adhesive properties of cells and modify components of the extracellular matrix (20, 21) . The experiments carried out using C6 glioma cells, an example of highly invasive cells, demonstrated that inhibition of HMGB1 expression by anti-sense oligonucleotides or inhibition of the protein function by anti-HMGB1 antibodies markedly inhibited cell migration (21) . Mounting evidence show that the main signaling pathway is activated through the interaction of HMGB1 and its Receptor for Advanced Glycation End products (RAGE). The significance of this pathway in vivo was indicated by the observation that blockade of the HMGB1/ RAGE interaction suppressed tumor growth and metastasis in lung cancer (22) . One probable mechanism is that the HMGB1/RAGE complex induces depletion of macrophages in colon cancer (23) . The lack of host defense, therefore, becomes conducive to tumor spread.
RAGE is constitutively expressed during embryonic development and its expression is downregulated in adult life. However, known exceptions are the skin and lung, which constitutively express RAGE throughout life. The majority of other cells, including monocytes/macrophages, endothelial and smooth muscle cells, fibroblasts and neuronal cells, do not produce significant amounts of RAGE under physiological conditions but may be induced to express RAGE in situations where ligands accumulate (24) . Several findings have indicated that the elevated expression of RAGE was not always a prerequisite of poor prognosis of tumor development. The cellular localization of the receptor should also be taken into consideration. In colorectal adenomas, the cytosolic pattern was associated with mild atypia and small tumor size, whereas the membranous pattern was correlated to severe atypia, villous histological type and elevated levels of HMGB1 protein. These results indicated that RAGE expression, particularly with a membranous pattern, was associated with the malignant potential of colorectal adenomas (25) . Immunohistochemistry revealed that RAGE exhibited dot-like cytoplasmic localization in primary hepatocellular and colorectal carcinomas, which changed to dense brown staining across the metastatic cells due to membranous expression (26) .
The data concerning the expression of HMGB1 protein and its receptor RAGE in various tissues and tumor cells mainly reflect the overall production of the proteins. However, these data do not refer to the cellular localization of HMGB1 and RAGE and there is no direct evidence for the formation of a stable complex between the two proteins. We examined the expression of HMGB1 protein and its receptor RAGE in different rat organs and in Guerin ascites tumor cells in respect to their localization and complex formation.
Materials and methods
Preparation of total protein extract. Guerin ascites tumor cells were inoculated in albino rats. The ascite liquid was collected 7 days after transplantation together with 2 g of tissue samples. The total protein extracts were prepared as described by Dignam (27) . The material was manually homogenized on ice in lysis buffer [5 mM Tris-HCl, pH 7.4, 2 mM EDTA, 1% Triton 100, 1 mM PMSF and protease inhibitor mix (Boehringer, Mannheim, Germany)], sonicated, centrifuged at 500 x g for 30 min and aliquoted at -80˚C.
Preparation of soluble and membrane protein extracts.
The tissue samples were washed in cold phosphate-buffered saline (PBS), fast-frozen in liquid nitrogen, homogenized in 5 mM Tris-HCl, pH 7.4, 2 mM EDTA, 1% Triton 100, 1 mM PMSF and protease inhibitor mix (Boehringer) and centrifuged at 500 x g for 30 min at 4˚C. The samples were then washed twice with the same buffer and the collected supernatants were centrifuged at 45,000 x g for 30 min at 4˚C. The supernatant was considered as the 'soluble fraction'. The pellet was suspended in 75 mM Tris, pH 7.4, 12.5 mM MgCl 2 , 5 mM EDTA and considered as the 'membrane fraction'. The samples were aliquoted and stored at -80˚C.
Immunoblotting. Samples (80-100 µg of protein extract) were resolved on SDS-18% polyacrylamide gel and transferred to nitrocellulose membranes (Schleicher & Schuell, Dassell, Germany) at 4˚C for 1 h at 8 V/cm in a buffer containing 25 mM Tris, pH 8.2, 192 mM glycine and 15% methanol. The membranes were blocked for 1 h in 10% (w/v) non-fat dry milk in TBST buffer (10 mM Tris, pH 7.5, 150 mM NaCl, 0.1% Tween-20) and incubated for 2 h at room temperature with various primary antibodies diluted at 1:1000. The antibodies included: polyclonal rabbit anti-HMGB1 antibody (Upstate), monoclonal mouse anti-RAGE antibody (Santa Cruz Biotechnology, Santa Cruz, CA, USA) and mouse monoclonal anti-actin antibody AC-15 as a reference (Sigma Immunochemicals, St. Louis, MO, USA). The secondary antibodies 680 conjugated goat (polyclonal) anti-mouse IgG (LI-COR, Lincoln, NE, USA) and 800 CW conjugated goat (polyclonal) anti-rabbit IgG (LI-COR) were used at a dilution of 1:3000 to visualize immunoreactivity. Immunoreactivity was detected using the chemiluminescent method (Odyssey Infrared Imaging System, Amersham, Buckinghamshire, UK).
Immunoprecipitation. Immunoprecipitation with the monoclonal anti-RAGE antibody (Santa Cruz Biotechnology) was carried out according to the manufacturer's instructions. The antibody (2 µg) was incubated with 100 µl (5 µg/µl) protein extract at 4˚C with gentle agitation. After 1 h, Protein A-Sepharose (Zymed Laboratories, San Francisco, CA, USA) was added for an additional incubation period of 1 h. The sepharose beads were washed twice with RIPA buffer (50 mM Tris-HCl, pH 7.4, 1% NP-40, 0.25% Na-deoxycholate, 150 mM NaCl, 1 mM EDTA and protease inhibitors) and PBS, and boiled in 0.5% SDS for 10 min. The proteins were analyzed using sodium dodecyl sulfate polyacrylamide gel electrophoresis and Western blotting.
Results

Expression level of HMGB1 protein and its receptor RAGE in rat normal tissues and tumor cells and their distribution in soluble and membrane fractions.
Using immunoblotting, we examined the total expression level of HMGB1 protein and its receptor RAGE in various rat organs including the liver, lung, testis and spleen, as well as Guerin ascites tumor cells. The two proteins were detected in the tested specimens as their amount varied in the different organs and tumor cells (Fig. 1) . The HMGB1 production was higher in the lung, liver and spleen and lower in the kidney as previously reported for older animals (28) . In the normal tissues RAGE levels were elevated in the lung, which constitutively expressed the receptor throughout life. It should be noted that the highest protein amounts were registered in the Guerin tumor cells. In the majority of cases the increased production of HMGB1 and RAGE was correlated to tumor development and poor prognosis (19) ; however, a number of exceptions were reported. Although HMGB1 was overexpressed in the majority of tumors, tumors devoid of HMGB proteins have also been found. For example, adrenal gland carcinoma exhibited no HMGB1 expression (29) . A marked intertumoral variation of HMGB1 expression was observed in various breast cancers (30) . This was also the case for RAGE: in non-small cell lung carcinomas RAGE expression was strongly reduced (31) .
Given that the overall expression of HMGB1 and RAGE is not always considered to be an indicator for cancer progression, we examined the distribution of the two proteins in soluble and membrane fractions of normal tissues and tumor cells. The results are shown in Fig. 2 . In the rat organ specimens, HMGB1 protein was mainly observed in the soluble fraction and lesser amounts were recovered from the insoluble membrane fractions (Fig. 2B) . These findings are in agreement with previously reported data that the bulk of the protein remained in the supernatant following high speed centrifugation; however, part of the protein sedimented with the microsomal membrane fraction (32) . Similar results were obtained for RAGE distribution in normal tissues ( Fig. 2A) . Although the receptor was considered a membrane protein it was expressed as the full-length, membrane-bound form and various soluble forms lacking the transmembrane domain. Soluble RAGE was produced by the proteolytic cleavage of full-length RAGE and alternative mRNA splicing. The soluble isoforms included the extracellular domains but lacked the transmembrane and cytoplasmic domains (33) . Again, the tumor cells exhibited a markedly different localization pattern for HMGB 1 protein and its receptor RAGE in comparison with the normal tissues. The two proteins were predominantly observed in the insoluble membrane fraction ( Fig. 2A and B , compare soluble/membrane Guerin with soluble/membrane normal tissue). Notably, the overall expression of RAGE was almost comparable in lung and tumor cells (Fig. 1B) . However, whereas in lung tissue the receptor was mainly observed in its soluble form, RAGE was predominantly membrane-bound in the Guerin tumor cells. The distribution pattern also differed for HMGB1 protein: HMGB1 was chiefly soluble in the protein extract from normal tissues, whereas it mainly occurred in its insoluble membrane form in cancer cells (Fig. 2B) . Our results confirm the hypothesis that the cellular localization of HMGB1 protein and its receptor RAGE should be considered as a more reliable indicator of tumor progression instead of the total protein expression level.
HMGB1 protein interacts with its receptor RAGE only in tumor cells.
The question remains as to whether the overexpression of HMGB1 and its receptor RAGE always leads to the formation of a ligand/receptor complex. To examine this possibility, we performed immunoprecipitation with anti-RAGE antibody of the soluble and membrane fractions and revealed immunoreactivity by incubation with anti-HMB1 antibody. We selected the protein extracts from the lung as a control, since the RAGE level was higher in this normal tissue. We applied the same approach to Guerin tumor cells. Immunoprecipitation with anti-RAGE antibody and the subsequent findings of the immunoblot analysis with anti-HMB1 antibody provided no signal in the soluble or membrane fraction derived from rat lung samples (Fig. 3A, lanes 2 and 3) . To verify that the immunoprecipitation was effective, we performed the same experiment with the exception that the transfer membrane was incubated with anti-RAGE antibody. The positive signals (Fig. 3, lanes 1 and 2) in the soluble and membrane fractions demonstrated that receptor molecules were bound to the antibody, but the receptor clearly did not carry the HMGB1 protein. By contrast, in the case of the tumor cells visualization with the anti-HMGB1 antibody of the anti-RAGE precipitated complex provided a clearly positive signal in the membrane fraction, indicating that the HMGB1 protein formed a stable complex with its receptor RAGE (Fig. 3, lane 2) . In the soluble extract, HMGB1 was also associated with the receptor but the interaction was probably weaker as a less intensive signal was detected (Fig. 3, lane 1) .
Discussion
The coexistence in the cell of the HMGB1 protein and its receptor RAGE in relatively higher levels is not a necessary prerequisite for complex formation and cancer development. The quantities of the proteins distributed in the membrane and soluble fractions should be investigated. As we demonstrated, in the normal tissue the receptor was predominantly observed in its soluble form, whereas in the Guerin ascites tumor cells it changed to the membrane-bound form. The soluble RAGE (sRAGE) acts as a decoy that prevents ligands from interacting with the cell surface receptor. The application of sRAGE in vitro and in vivo resulted in an effective blockade of RAGE, in accordance with this decoy mechanism, in a range of animal models (24) . sRAGE prevented the development of micro-and macrovascular diseases in rodents and also protected the animals from tumor metastasis and growth of primary tumors (22) . By contrast, membrane-bound RAGE was generally associated with metastatic potential and poor prognosis (25, 26) . The bulk of HMGB1 protein was generally found in the soluble fraction following high speed centrifugation (32); however, in certain cases the protein may alter its subcellular localization. For example, upon platelet activation, part of HMGB1 was associated with the plasma membrane (34) . In murine erythroleukemia (MEL) cells, following induction with hexamethylene bisacetamide, HMGB1 protein accumulated in a membrane-bound form (35) . In our case, we observed increased quantities of HMGB1 protein in the tumor cells with prevailing membrane localization, which we consider to be a clear characteristic of cancer development. Furthermore, we determined a stable HMGB1/RAGE complex in the tumor cells alone, mainly occurring in the membrane fraction. The data presented in this study indicate that during tumorigenesis, HMGB1 protein and its receptor RAGE undergo cellular redistribution required for the stable protein/protein interaction. Other factors are also indispensible for the formation of a stable receptor/ligand complex, since in the normal tissues the two proteins coexist in the membrane fraction in smaller quantities. However, no association was identified.
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